Objectives: Women diagnosed with gestational diabetes mellitus (GDM) are at high risk for future diabetes, with rates of GDM consistently higher in Hispanic than non-Hispanic white women. Currently recognized risk factors for GDM are absent in up to half of affected women, and studies addressing modifiable risk factors for GDM in Hispanic women are sparse. Methods: Proyecto Buena Salud is an ongoing prospective cohort study of Hispanic women in Massachusetts designed to assess physical activity, psychosocial stress, and GDM risk. Bilingual interviewers recruit prenatal care patients early in pregnancy and assess activity, trait anxiety, perceived stress, and depressive symptoms using validated questionnaires. Results: Baseline characteristics of the first 632 participants are presented. Women were predominantly young (69% <24 years), were unmarried (87%), and had low levels of education (48% had less than high school). Women with high acculturation were less likely to live with a partner (OR: 0.6, 95% CI 0.4-0.8) than women with low acculturation. Few participants met physical activity guidelines during pregnancy (5.2%). Levels of perceived stress (mean 26.9 AE 7.1), trait anxiety (mean 41.6 AE 10.4), and depressive symptoms (33.2%) were high. Conclusions: Proyecto Buena Salud represents a high-risk population of pregnant Hispanic women who are predominantly inactive, with higher levels of perceived stress, trait anxiety, and depressive symptoms compared to predominantly non-Hispanic white cohorts studied earlier. Therefore, Proyecto Buena Salud provides a unique opportunity to prospectively evaluate modifiable risk factors for GDM. Findings will inform prenatal behavioral intervention programs designed to address modifiable GDM risk factors.
Introduction

D
iabetes and obesity have reached epidemic proportions in the United States, with rates consistently higher in Hispanic than non-Hispanic white women. 1, 2 As the prevalence of diabetes continues to rise worldwide, it becomes increasingly important to identify high-risk populations and to implement strategies to delay or prevent diabetes onset. 3, 4 Women diagnosed with gestational diabetes mellitus (GDM) are at high risk for future diabetes, with 17%-63% developing type 2 diabetes within 5-16 years in different ethnic groups. 5 Their children, in the long term, are at increased risk of obesity and glucose intolerance. [6] [7] [8] Hispanic women have two to four times the risk of developing GDM compared with non-Hispanic white women. 9 This is critical, as Hispanics are projected to have the highest birth rates for any minority group in the United States by the year 2009 10 and will be the largest minority group in the United States by the year 2030. 11 Studies addressing modifiable risk factors for GDM in Hispanic women are sparse. Physical activity and psychosocial stress during pregnancy have been proposed as potential modifiable risk factors for GDM.
Prior studies of pregnancy recreational activity and GDM have suggested a protective role for recreational physical activity, with one case-control study observing a protective effect 12 and others supporting this trend, although not significantly. [13] [14] [15] [16] The one prior study among Hispanic women was limited by a small number of cases but suggested that women with high household activity and sports=exercise in midpregnancy had a reduced risk of GDM compared with women with low levels. 17 Although epidemiological studies have not examined the association between self-reported psychosocial stress and GDM risk, prior research has examined the association between stress and other maternal and fetal outcomes. Findings have been conflicting, predominantly restricted to non-Hispanic white or black women and limited by variations in measurement and analysis. [18] [19] [20] Proyecto Buena Salud is an ongoing prospective study of physical activity, psychosocial stress, and mediators between these variables and risk of GDM in a cohort of prenatal care patients of Puerto Rican and Dominican descent. We present the study design and methods of Proyecto Buena Salud as well as the baseline characteristics of the first 632 participants.
Materials and Methods
Setting
Proyecto Buena Salud is based in the ambulatory obstetrical practices of Baystate Health, an integrated health system in Western Massachusetts. The study sites serve an ethnically and socioeconomically diverse population; approximately 57% are Hispanic (predominantly from Puerto Rico), 17% are African American, 23% are non-Hispanic white, and 3% are of other ethnicity.
Study overview
Recruitment began in January 2006. Bilingual interviewers recruited patients at a prenatal care visit early in pregnancy (up to 20 weeks gestation), informed them of the aims and procedures of the study, and obtained written informed consent as approved by the Institutional Review Boards of the University of Massachusetts-Amherst and Baystate Health. Interviews were conducted in Spanish or English (based on patient preference) in order to eliminate potential language or literacy barriers. Two subsequent interviews, conducted at the time of routine ultrasound (18-20 weeks gestation) and GDM screen (24-28 weeks gestation), will update information on these variables and collect information on dietary intake using the Hispanic Food Frequency Questionnaire. 21 After delivery, medical records will be abstracted for medical and obstetrical history, including prepregnancy body mass index (BMI), previous history of GDM and family history of diabetes, clinical characteristics of the current pregnancy, incident GDM, and birth outcomes.
Eligibility
Eligibility was restricted to women of Puerto Rican or Dominican Republic heritage (Caribbean Islanders). Women who (1) were themselves born in the Caribbean Islands or (2) had a parent born in the Caribbean Islands or (3) had at least two grandparents born in the Caribbean Islands were included. Exclusion criteria included (1) current medications thought to adversely influence glucose tolerance, (2) multiple gestation, (3) history of diagnosis of diabetes, hypertension, heart disease, or chronic renal disease, and (4) <16 years of age or >40 years of age, as the association among physical activity, stress, and GDM may differ at the extremes of childbearing age.
Outcome variables
Women will be classified as having a pregnancy complicated by GDM if (1) two or more of the following plasma glucose concentrations obtained during the 100 g, 3-hour oral glucose tolerance test are abnormal according to American Diabetes Association criteria: fasting, 95 mg=dL; 1-hour, 180 mg=dL; 2-hour, 155 mg=dL; 3-hour, 140 mg=dL, 22 (2) a 1-hour oral glucose tolerance test >180 mg=dL, 23 or (3) elevated fasting (>105 mg=dL) or elevated 2-hour postprandial blood sugar (>120 mg=dL) in patients unwilling or unable to tolerate the oral glucose tolerance test. 24 Baystate Obstetrical Practices routinely screen all prenatal care patients for GDM between 24 and 28 weeks of gestation using the 50 g, 1-hour glucose tolerance test. Those whose 1-hour plasma glucose levels from this test are >135 mg=dL are considered at increased risk for GDM and undergo the diagnostic 3-hour oral glucose tolerance test. Diagnosis of GDM is confirmed by an obstetrician, who reviews the medical records of each suspected case.
Primary exposure variables
Physical activity. Physical activity during early and prepregnancy (1 year before the pregnancy) was assessed at the baseline interview using a modified version of the Pregnancy Physical Activity Questionnaire (PPAQ), a semiquantitative questionnaire that assesses the duration, frequency, and intensity of total physical activity. 25 Respondents select the category that best estimates the amount of time spent in 35 activities, including household and caregiving activities, occupational activities, sports and exercise, and transportation. The PPAQ was modified for the current study to be interviewer administered as opposed to self-administered by listing each activity item and response option in a concise grid format, as opposed to repeating response options vertically under each activity item.
The duration of time spent on each activity was multiplied by its intensity defined by the Compendium of Physical Activities 26 to arrive at a measure of average weekly energy expenditure (MET-hrs=week) attributable to each activity. For those activities determined to have different intensities during pregnancy, a modified compendium value was used. 27 The average number of MET-hrs=week was calculated according to intensity: light (<3 METs), moderate (3.0-5.9 METs), or vigorous (!6.0 METs) and type: household=caregiving activities, occupational activities, sports=exercise, and transportation.
American College of Obstetricians and Gynecologists (ACOG) guidelines for physical activity in pregnancy recommend 30 minutes of moderate physical activity on most days for pregnant women, with no contraindications to physical activity in pregnancy. 28 Therefore, women with !10 MET hrs=week in sports=exercise activities of moderate intensity or greater (i.e., 2.5 hrs=week multiplied by the minimum MET for moderate physical activity, 4 METs) were considered to have met the physical activity guidelines.
The PPAQ was validated using ActiGraph accelerometers (ActiGraph LLC, Fort Walton Beach, FL) at the study setting. 25 Intraclass correlation coefficients used to measure re-
producibility of the PPAQ were 0.78 for total activity, 0.82 for moderate activity, and 0.81 for vigorous activity and ranged from 0.83 for sports=exercise to 0.93 for occupational activity. Spearman correlations between the PPAQ and three published cutoff points used to classify Actigraph data ranged from 0.08 to 0.43 for total activity, 0.25 to 0.34 for vigorous activity, 0.20 to 0.49 for moderate activity, and À0.08 to 0.22 for light-intensity activity.
Psychosocial stress. Perceived stress, trait anxiety, and depressive symptoms were assessed during the baseline interview. Perceived stress was measured using Cohen's Perceived Stress Scale (PSS-14), which includes 14 items designed to address a person's sense of control over daily life demands. 29 Each item is rated on a 5-point scale ranging from never (0) to almost always (4). Positively worded items are reverse scored, and the ratings are summed. Scores range from 0 to 56, with higher scores indicating more perceived stress. Internal consistency of the PSS as assessed by Cronbach's alpha was 0.85 in three samples tested by Cohen et al. 29 and 0.78 in a general population study. 30, 31 Correlations were also observed with indices of depressive symptomatology (0.65 and 0.76). The European Spanish version of the PSS-14 demonstrated adequate reliability (internal consistency, alpha ¼ 0.81, and test-retest, r ¼ 0.73), validity (concurrent), and sensitivity. 31 Trait anxiety was assessed using the Spielberger State-Trait Anxiety Inventory (STAI). 32 The STAI trait anxiety scale measures relatively stable individual differences in anxiety proneness and contains 20 statements about how the respondent generally feels. Questions are based on a 4-point response scale ranging from almost never (1) to almost always (4), and a composite score is generated after reverse scoring appropriate items. Scores range from 20 to 80, with higher scores indicating higher levels of anxiety. Internal consistency ranges from 0.89 to 0.91. 32 The instrument has been used previously in studies during the antenatal period. 33 The Spanish version of the STAI was validated and adapted by TEA Editions. 34 Depressive symptoms were assessed using the 10-item Edinburgh Postnatal Depression Scale (EPDS) available in English 35 and Spanish. 36 Each item asks how the woman has felt during the previous week and includes four categorical response options, ranging from; yes, most of the time to: no, not at all. Items are rated on a 4-point scale (0, 1, 2, 3) with a range of 0-30. Women with a score of !10 or who indicated any response other than never to the question describing thoughts of harming oneself were considered at risk for a depressive illness. 35 As an alternative measure, we also considered an EPDS score >12 to indicate probable depression, as have others. [37] [38] [39] [40] The EPDS has been validated as a depression screening tool in pregnant and postpartum Hispanic women 41 and has a sensitivity of 90%-100% and a specificity of 78%-88% for identification of major and minor depression. 35 
Potential confounding and mediating factors
At the baseline interview, interviewers collected sociodemographic factors, including age, education, annual household income, health insurance, marital status, living situation (i.e., with a partner), number of children and adults in the household including the index woman, language preference for speaking=reading, birthplace, and generation in the United States. Pregnancy behaviors included prepregnancy and early pregnancy alcohol consumption and cigarette smoking.
Degree of acculturation was assessed using the Psychological Acculturation Scale (PAS). 42 The PAS consists of 10 items measuring an individual's sense of psychological attachment to and belonging within Anglo-American and Latino= Hispanic cultures. Item responses are scored on a 5-point Likert scale ranging from 1 (only Latino=Hispanic) to 5 (only Anglo-American) with a bicultural orientation defining its midpoint. We defined scores <3 as low acculturation and scores !3 as high acculturation. PAS scores have been correlated with migration history and patterns of Spanish and English language use in a sample of Puerto Rican females; correlations between PAS scores from the Spanish and English versions (r ¼ 0.94) suggest a high degree of cross-language measurement equivalence. 42 
Data analysis
We examined frequency distributions of participant characteristics and evaluated the distributions by level of acculturation using chi-square tests or Fisher's exact test, in cases of small cell size. Descriptive statistics for stress and physical activity measures were calculated. Means and standard errors (SE) for sports=exercise activities for the study sample were corrected for measurement error based on a validation study in which we readministered the PPAQ to 44 women with implausible values. All physical activity variables were highly skewed, and we, therefore, present median as well as mean AE SE values. Statistical analysis was conducted using SAS 9.1.3 software by SAS Institute Inc. (SAS, Cary, NC).
Results
Demographics
Recruitment into the study began in January 2006, and we present the results from the first 632 women. Overall, 5% of Hispanic women approached refused to participate. The participants in this study were young, with low levels of education and income (Table 1) . Almost 84% of participants were enrolled in public health insurance, 5% had no health insurance, and 87% were not married.
The mean acculturation score was 2.3 AE 0.7 on a possible scale of 1-5. Living situation, language preference, birthplace, generation in the United States, and number of adults living in the household all differed significantly by level of acculturation. Women with high levels of acculturation were 45% less likely to live with a partner (OR: 0.6, 95% CI 0.4-0.8) and 90% less likely to prefer Spanish (OR: 0.1, 95% CI 0.4-0.8) than women with low acculturation. As expected, women born in the continental United States or who were second-or third-generation residents of the continental United States were more likely to be highly acculturated compared to firstgeneration residents. Women with two or more adults in the household were less likely to be highly acculturated compared with those with one adult. A total of 40% of women reported prepregnancy alcohol consumption, which decreased to 3% with the onset of pregnancy. Similarly, whereas 50% of women reported smoking cigarettes prior to pregnancy, a total of 15% reported smoking in early pregnancy, with 3% smoking !10 cigarettes per day. Age, education, annual household income, health insurance, marital status, the number of children <18 years in the household, alcohol consumption, and cigarette smoking did not differ by acculturation status.
Physical activity
A total of 18.7% of participants met the ACOG guidelines for physical activity prior to pregnancy, and 5.2% of participants met these guidelines in early pregnancy (Table 2 ). In the prepregnancy period, mean total energy expenditure was 64.4 AE 37.2 MET-hrs=week, with the highest mean values reported in the domains of household=caregiving activities (29.3 AE 21.5 MET-hrs=week), followed by occupational activity, transportation, and sports=exercise.
Women reported decreases in each domain of activity (household=caregiving, occupational, sports=exercise, and transportation) with the onset of pregnancy, with an overall within-woman change in total energy expenditure of À21.2 AE 27.7 MET-hrs=week. The largest within-woman change was for sports=exercise activity (À8.2 AE 16.6 METhrs=week), and the smallest within-woman change was for transportation (À2.2 AE 7.1 MET-hrs=week).
Psychosocial stress
The mean level of psychosocial stress, as measured by the PSS was 26.9 AE 7.1 (range 5-48) ( Table 3) . A mean score of 41.6 AE 10.4 (range 20-76) was observed on the STAI. The mean score on the EPDS was 9.7 AE 5.9 (range 0-26). A total of 48.8% of participants were classified as at risk for depressive illness (EPDS scores !10), and 33.2% were classified as having probable depression (EPDS scores >12).
Discussion
Proyecto Buena Salud has identified and enrolled a large number of women of Puerto Rican and Dominican Republic heritage who represent a wide range of sociodemographic, behavioral, and acculturation levels. Overall, the population First generation: born in PR=DR or parent born in PR=DR; second generation: born in U.S. but parents born in PR=DR; third generation: born in U.S., parents born in U.S., grandparents born in PR=DR.
Note: numbers may not total to 632 due to missing data.
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is at high risk, with the majority being young, unmarried, and with low levels of income and education. Women who were highly acculturated were less likely to live with a partner or to prefer Spanish than women with low acculturation. Sociodemographic factors and alcohol consumption and cigarette smoking did not differ by acculturation status. Participants reported a variety of behaviors that are potential risk factors for GDM. For example, few participants met physical activity guidelines. Leiferman and Evenson 43 used data collected from the year 2000 Behavioral Risk Factor Surveillance System to evaluate the prevalence of meeting physical activity guidelines (defined consistently with ACOG guidelines) among 1979 pregnant women (12% Hispanic). The authors found that 10.6% AE 3.0% of Hispanic pregnant women met guidelines compared with 16.7% AE 1.5% of nonHispanic white pregnant women. Pereira et al. 44 assessed participation in total physical activity among 1442 participants of Project Viva (4.9% Hispanic). A total of 21.6% of pregnant women were found to be insufficiently active during pregnancy, defined as <150 minutes=week of total leisure time physical activity, including walking, light to moderate, and vigorous physical activity; findings were not reported separately for Hispanic women. In the current study, we observed that 5.2% of women met ACOG guidelines. Differences in study findings are due to racial=ethnic and sociodemographic differences between study samples as well as variation in the definition of meeting activity guidelines.
Participants reported higher levels of perceived stress, trait anxiety, and depressive symptoms than those reported by prior studies among predominantly non-Hispanic white populations. Laraia et al. 45 used the PSS-14 to evaluate stress before 20 weeks gestation among 606 participants (7.9% other racial=ethnic groups) who had incomes 400% of the poverty line. Mean PSS-14 scores were 22.3 AE 8.14. We observed a mean of 26.9 AE 7.1 (range 5-48) in our sample of Hispanic women. Dayan et al. 46 used a self-administered STAI among a sample of 634 pregnant women in France between the 20th and 28th week of gestation and observed a mean value for trait anxiety of 38.8 AE 9.2 (range 20-73). Daniells et al. 47 evaluated trait anxiety in a sample of 50 pregnant women with normal glucose tolerance in Australia at 30 weeks gestation and found a mean value of 38.3 AE 10.2 in this group. FaisalCury and Rossi Menezes found mean values of 40.8 AE 9.7 in a sample of 432 pregnant women in Sao Paolo, Brazil. In their cohort of low-income women, Laraia et al. 45 observed mean values of 39.0 AE 11.4 (range 20-77) for trait anxiety. We observed a somewhat higher mean value in the current study of 41.6 AE 10.4, with a range of 20-76.
In terms of prenatal depressive symptoms, Rich-Edwards et al. 40 found that 9% of 1662 participants in Project Viva had EPDS scores >12 at midpregnancy. Hispanic women (5% of the sample) had a higher prevalence of depressive symptoms (16%) compared with non-Hispanic white mothers (7%). Evans et al. 38 assessed depressive symptoms in a prospective longitudinal study of women in England (n ¼ 8323); a total of 11.8% of women scored >12 on the EPDS at 18 weeks gestation (7.0 AE 4.9). In their cohort of French women, Dayan et al. 49 observed a mean score of 7.2 AE 5.6 on the EPDS, with 14.5% of participants scoring >14. Our finding that 48.8% of participants scored !10 on the EPDS and 33.2% scored >12 is substantially higher than in these prior studies; however, these studies included few Hispanic women and were conducted in women of predominantly high socioeconomic status. Studies using other depression assessment tools have reported prevalence rates ranging from 25% to 50% among low-income prenatal populations, [50] [51] [52] supporting prior findings that differences in rates may reflect demographic differences that are, in turn, related to depressive symptoms (e.g., age, marital status, social support, and other cultural differences, including acculturation). 40 Strengths of Proyecto Buena Salud include prospective information on the duration, frequency, and intensity of total physical activity (household, occupational, and recreational) and psychosocial stress (perceived stress, anxiety, and depressive symptoms) during pregnancy. Other innovations of the study include the use of a physical activity questionnaire designed for pregnancy and validated in the study population that can characterize threshold and dose-response effects, as well as the use of psychosocial stress scales validated in Hispanic populations. Finally, the high participation rates are also study strengths.
This study is subject to several limitations. Physical activity and psychosocial stress were based on self-report and, therefore, were subject to misclassification. Because of the prospective nature of the study, however, reporting of these variables should not be influenced by GDM diagnosis. We did not collect information on cultural attitudes to exercise and dieting, which may also be important factors in this population. Our use of a self-reported measure of probable depression, as opposed to a clinical diagnosis, is also a limitation. Although the EPDS has been validated among Hispanic pregnant women, it is possible that cultural or economic factors may lead to an underreporting or overreporting of depressive symptoms. Social desirability bias may particularly affect minority 53 and lower socioeconomic 54 participants. However, a score !12 on the EPDS is widely used to indicate probable depressive disorder.
Because subjects were recruited at their prenatal care visits (up to 20 weeks gestation), we excluded, by definition, highrisk women who do not attend prenatal care. However, our study population included a sizable proportion of women who were at high risk based on socioeconomic factors and ethnicity. In addition, 2006 vital statistics data for births in Springfield, Massachusetts, indicate that 93.3% of Hispanics begin prenatal care by the second trimester. 55 Prior and ongoing pregnancy cohort studies of physical activity and GDM have been conducted among predominantly higher income, non-Hispanic white populations. 13, 14 More importantly, to our knowledge, prior studies have not evaluated the association between psychosocial stress and GDM.
Future directions for Proyecto Buena Salud are 2-fold. The first is to determine if physical activity in early to midpregnancy is prospectively associated with risk of GDM. We 
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hypothesize that an increasing dose of physical activity (the product of frequency, intensity, and duration) will be associated with a decreased risk of GDM (Fig. 1) . We also hypothesize that physical activity will indirectly affect GDM risk through decreasing maternal weight gain and reducing psychosocial stress and cigarette smoking. The second direction is to determine if psychosocial stress in early to midpregnancy is prospectively associated with risk of GDM. We hypothesize that higher levels of self-reported psychosocial stress will be associated with increased risk of GDM. We also hypothesize that psychosocial stress will indirectly affect GDM risk through negatively impacting diet and increasing cigarette smoking.
Conclusions
In summary, Proyecto Buena Salud represents a group of Hispanic women who are predominantly inactive, with higher levels of perceived stress, trait anxiety, and depressive symptoms compared with prior predominantly non-Hispanic white cohorts. Therefore, Proyecto Buena Salud provides the unique opportunity to prospectively evaluate modifiable risk factors for GDM. Early maternal lifestyle modifications in pregnancies at risk for GDM might offer the opportunity not only for reduction in risk of type 2 diabetes in the mother but also for risk of diabetes and obesity in children. The impact of these maternal lifestyle modifications is likely to be greatest in ethnic groups, such as Hispanics, with consistently high incidence rates of GDM.
